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Abstract 
We have investigated time course of interaction between liposome and amyloid-beta protein (Aȕ) by Dielectric Dispersion 
Analysis (DDA), especially for frequency range over 1 GHz. Observed dielectric relaxations showed that their relaxation width 
changes with time and the change depends on the concentration of Aȕ. It is considered that the dynamics of relaxation width is 
related to the aggregation and fibrillization of Aȕ protein. In particular, a low concentration of Aȕ (1 μM) has been successfully 
discriminated this time. We expect that this technique can be applied to biomedical sensing for Aȕ detection. 
 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of EUROSENSORS 2015. 
Keywords: Liposome, Amyloid-beta, Interaction, Dielectric dispersion analysis, Dielectric relaxation, Aggregation 
1. Introduction 
From the past, some diseases which are difficult to cure have been serious problems because of the invisibility of 
its progression and many researchers have been considered various methods to diagnose them in an initial phase. In 
contrast, biosensing technique is known as the excellent method to detect diseases more rapidly and precisely, 
detecting a biomolecule which are causative agent of disease from body fluid (e.g., blood) of a patient in vitro or in 
vivo. Thus it is expected that the method will be an important key to solve the problem of many incurable disease. 
Alzheimer Disease (AD) is one of the most famous diseases causing a serious brain disorder. Though there are many 
opinions of the cause of AD, the most dominant theory is that the brain neurons are damaged by accumulating the 
amyloid-beta protein (Aȕ) on them for some reasons [1, 2]. Thus the investigation of the behavior of Aȕ on the cell 
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membrane and development of the technique to detect them will be essential to diagnose AD during an early phase 
and cure it safely. 
On the other hand, we have developed a biosensing technique by using liposome as sensing biomolecule to detect 
target biomolecules through dielectric measurement using open-ended coaxial probe, which is an effective approach 
because with a small aperture it enables to obtain precise information from a small volume of biochemical solution 
[3]. We previously measured the dielectric property of liposome suspension added with target biomolecules 
(lysozyme and CAB), and by focusing on the frequency range of 0.1 to 20 GHz, several dielectric relaxations could 
be observed. They were regarded as important biomarker signals of interaction between the liposome and target 
biomolecule, because their relaxation widths changed with changing concentration and kind of target protein. 
In this work, we newly regarded Aȕ protein as a target biomolecule and detected the interaction between 
liposome and Aȕ by Dielectric Dispersion Analysis (DDA) using S-parameter method, and from this result, we 
evaluated the dynamics of Aȕ molecules on model cell membrane and the process of their aggregation and 
fibrillization. 
 
2. Biomaterials 
2.1. Liposome 
Liposome is microscopic, fluid-filled pouch whose walls are made of layers of phospholipids identical to the 
phospholipids that make up cell membranes. Liposomes are used to deliver certain vaccines, enzymes, or drugs (e.g., 
insulin and some cancer drugs) to the body. It was found that phospholipids combined with water immediately 
formed a sphere because one end of each molecule is water soluble, while the opposite end is water insoluble. 
Water-soluble medications added to the water were trapped inside the aggregation of the hydrophobic ends; fat-
soluble medications were incorporated into the phospholipid layer. In some cases liposomes attach to cellular 
membranes and appear to fuse with them, releasing their contents into the cell. Sometimes they are taken up by the 
cell, and their phospholipids are incorporated into the cell membrane while the drug trapped inside is released. 
 
2.2. Amyloid-beta protein (Aȕ) 
Aȕ is regarded as causative agent of AD and has characteristic to aggregate each other and fibrillization occurs in 
vitro or in vivo, because its hydrophobic amino acid residue adheres each other. Aȕ single molecule (monomer) 
tends to adhere other molecules (oligomer), and grow into a mature fibril finally. Some researchers reported that Aȕ 
could be harmful after fibrillization (harmless during the phase of monomer) [4] and the intermediate phases in a 
process of fibrillization are more poisonous than the fibril itself [5]. Thus, in order to diagnose AD precisely, it is 
more important to consider the process of Aȕ fibrillization by detecting the interaction between biosensing molecule 
and Aȕ. Though there is various kind of Aȕ which is different disposition of amino acid residue, Aȕ(1-40) and 
Aȕ(1-42) are the most typical protein deposited on the brain of AD patient [6]. It is reported that Aȕ(1-40) is a major 
protein compared with Aȕ(1-42) and the fibrillization is slower than Aȕ(1-42) (The fibrillization of Aȕ(1-40) is 
saturated about 22-24 hrs later, whereas that of Aȕ(1-42) is saturated about 3-5 hrs later [7]). In this work, we 
regarded Aȕ(1-40) as target protein to detect their aggregation and fibrillization. 
 
3. Dielectric Dispersion Analysis (DDA) 
Dielectric measurement has often been used for the analysis of the lipid bilayer membranes and monitoring the 
dielectric dispersion properties observed over 1 MHz. Generally, three main dispersions have been observed from 
the dielectric spectra of liposomes, which have been attributed to the rotational diffusion of water molecules (6 
GHz<f<80 GHz), the zwitterionic head groups of lipids (20 MHz<f<300 MHz), and the limited translational 
diffusion of ionic lipid molecules and their counterions (f<40 MHz). We expect that DDA could be an excellent 
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method to diagnose some diseases, allowing us to analyze them instantly and in vitro. 
4. Results and Discussion
4.1. DDA of liposome added with Aȕ solution 
We formed Aȕ(1-40) solution with concentration of 1-20 μM by defrosting Aȕ(1-40) powder and dissolving it in 
0.1% ammonia solution, then added it to DPPC liposome suspension (30 mM). Then we measured the dielectric 
property of it by DDA every 1-2 hrs for 22 hrs at room temperature. Fig. 1 shows dielectric dispersion spectra of 
DPPC liposome suspension (30 mM) by adding Aȕ and cultivating for 0.5 and 12 hrs, respectively. Two dielectric 
relaxations (regions I and II) are observed over 1 GHz and the dielectric relaxation width (ǻİ) of region II is 
increased after 12 hrs. In our previous study, it is considered that these relaxations are derived from the dynamics of 
hydration water molecules on the lipid membrane, which reflects interaction characteristics between the liposome 
and target biomolecules [8]. Thus we expected that the condition of hydration water on liposome surface could 
change by the aggregation of Aȕ protein. 
4.2. Time course investigation of dielectric relaxation width for each region 
Figs. 2 and 3 show the change of relaxation widths of regions I and II as a function of time, respectively, 
measured from 45 to 5000 MHz every 1-2 hrs for 22 hrs. The relaxation width of region II significantly increases 
when transit time is from 8 to 12 hrs and almost saturates afterward, whereas that of region I hardly increases with 
time. It is reported that Aȕ(1-40) fibril starts to extend about after 10 hrs [7], which agrees with a significant 
increase of the relaxation width of region II. Thus it is expected that we can detect the symptom of Aȕ aggregation 
from the investigation of interaction between DPPC liposome and Aȕ. The value of relaxation width after saturation 
gradually decreased and was generally proportional to the Aȕ concentration when the concentration is 1-10 μM, 
whereas it still increased (did not entirely saturate) after 17 hrs for 20 μM. It seems that there were some Aȕ 
molecules which did not adequately interact with liposome when the high Aȕ concentration and the relaxation width 
is entirely proportional to the Aȕ concentration after 22 hrs. We could sucessfully detect 1 μM Aȕ this time. It is 
considered that this technique is appropriate for medical biosensor for Aȕ detection, because it is reported that the 
concentration of Aȕ protein in the blood or cerebrospinal fluid of an AD patient is around 100-1000 nM [9, 10]. 
Fig. 1. Dielectric dispersion spectra of DPPC liposome suspension (30 mM) 
added with Aȕ(1-40) protein (10 PM) cultivated for 0.5 and 12 hrs. 
ǻİ  ǻİ  
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5. Conclusions 
We newly considered Aȕ(1-40) protein as target biomolecule and investigated the time course of interaction 
between liposome and Aȕ by DDA. Focusing on the frequency range of 1-6 GHz, two dielectric relaxations which 
are considered to be derived from hydration water on liposome surface were observed and the relaxation width of 
region II increased when transit time is from 8 to 12 hrs, which almost saturates afterward. Furthermore, the change 
of relaxation width generally depends on the concentration of Aȕ. It is considered that the increase of relaxation 
width can indicate the symptom of Aȕ aggregation because it is reported that Aȕ(1-40) fibril starts to extend about 
after 10 hrs. Finally, we can detect at least 1 μM this time, which implies that this DDA technique could allow us to 
detect AD from the blood or cerebrospinal fluid of a patient. 
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Fig. 2. Change of dielectric relaxation width for region I 
as a function of time 
Fig. 3. Change of dielectric relaxation width for region II 
as a function of time 
